Electro-or electrolessly deposited Ni-P amorphous coatings exhibit some degree of inhomogeneity. This can affect the nucleation process during crystallization of the alloy and therefore its thermal stability. Pure Ni or Ni-rich particles precipitate in the alloy upon annealing and deteriorate its valuable paramagnetic behavior. The composition or density inhomogeneities in the nanometer range will not be revealed by usual XRD, but could be detected by the small angle X-ray scattering (SAXS) technique.
Electro-or electrolessly deposited Ni-P amorphous coatings exhibit some degree of inhomogeneity. This can affect the nucleation process during crystallization of the alloy and therefore its thermal stability. Pure Ni or Ni-rich particles precipitate in the alloy upon annealing and deteriorate its valuable paramagnetic behavior. The composition or density inhomogeneities in the nanometer range will not be revealed by usual XRD, but could be detected by the small angle X-ray scattering (SAXS) technique.
Every variation of the electron density in the sample within the spatial range of 1-100 nm will give a contribution to the SAXS pattern. In the simplest case, when the sample can be thought as consisting of relatively homogeneous matrix and a small number of inhomogeneities of any kind, two easily calculated parameters can serve for their characterization. These parameters are the radius of gyration, R g , and the socalled "invariant" (1) . R g , is related to the size, while the "invariant" is proportional to the mean square difference of the electron density, i.e. to the volume fraction and the magnitude of inhomogeneity. In a fairly definite system of homogeneous particles in a homogeneous matrix the particle size distribution can be extracted from the SAS curve.
The aim of this work is to show that small angle Xray scattering can give valuable information about the inhomogeneities in the amorphous state and particularly about the particles size distribution. The evolution of the Ni-P alloy inhomogeneities during heat treatment is also investigated.
The chemical composition of the electroless Ni-P films was determined by energy dispersive spectroscopy analysis. Small angle scattering experiments were performed with a Kratky camera with slit collimation geometry using CuK. radiation. The radius of gyration and the invariant were calculated from the smeared curves. The particle size distributions of the heat-treated samples were obtained by the maximum entropy method (2) with desmearing for infinitely long slit geometry.
The radius of gyration of the as-plated samples shows obviously a dependence on the P content in the alloy: Fig. 1 . The sample 323, that stays aside was deposited at lower temperature, 80 o C. No correlation between the size and the quantity of the inhomogeneities was found. The most inhomogeneous samples, with the largest mean square difference of the electron density are 196 and 195 followed by 270 and 777. The most "perfect", with the smallest mean square difference of the electron density are 84 and 169 followed by 86 and 100. It appeared, however, that the greater the plating solution metal turn-overs (MTO), the greater the SAXS invariant.
Annealing of the hypoeutectic alloys does not seem to cause growing of the initial inhomogeneities. After the first annealing step, 90 min at 250ºC, the gyration radius decreases only slightly, but the invariant doubles. This suggests appearance of a new fraction of inhomogeneities. According to the composition and the transformation sequence of the Ni-P alloys (3), this fraction consists of Ni precipitates. Their radius of gyration is about 3-4 nm at the beginning. Their appearance is demonstrated in Fig. 2 as a shift of the major distribution peak toward smaller sizes in the beginning of the transformation. The origin of the second peak in the size distribution is still unknown. It can be due to slow growth of the inhomogeneities present in the as-plated state or to the stress caused by the difference in the densities of the Ni and the amorphous Ni-P alloy. CONCLUSIONS The average size and the quantity of the nanometer-range inhomogeneities of the amorphous alloys can be assessed using two SAS parameters, the radius of gyration and the invariant.
The average size of the inhomogeneities decreases with increasing P content while only MTO seems to have effect on the degree of inhomogeneity.
